Chironomous sp. and Gerris sp. in the lake.
INTRODUCTION
Insects are the most diverse group of organisms in freshwater bodies. The principal groups of aquatic insects constitute an important part of the biota of the fresh water communities. Aquatic insects are important organisms in a water body ecosystem function. In addition to ecosystem function, aquatic insects are reliable indicators of human impact on freshwater ecosystem. Insects have proven to be a useful tool for testing ecological paradigms (Batzar and Wissinger 1996) . Ecologists have recommended the use of resident organisms, such as insects, as sensitive indicator of disturbances in order to achieve and preserve the highest water quality or the diverse water resources.
A few research works has previously been done on aquatic and semi-aquatic insects in Bangladesh. Ameen and Chowdhury (1972) listed only four aquatic bugs from Dhaka city. Survey upon dragonfly nymphs was made by Chowdhury and Akhteruzzaman (1981) . Some final instar larvae of common damselfly of Dhaka city were described by Ameen et al. (1982) . Ameen and Nessa (1985) listed twenty three species of aquatic Hemiptera from Dhaka city. A list of 14 species of aquatic and semi-aquatic Heteroptera of Chittagong University campus was prepared by Alam et al . (1986) . Descriptions of four zygopteran *Author for correspondence: <maazadi@yahoo.com> larvae from Chittagong University campus were given by Chowdhury and Miah (1990) . Some unpublished works on aquatic insects were done by Biswas (1984) , Islam (1985) , Barua (1988) , Begum (1995) and Hossain (2008) . A good number of research works is available on aquatic insects in different countries of the world. Important recent contributions are those of Anbalagan et al. (2004) , Hsu and Yang (2005) , Majumder and Gupta (2005) , Dinakaran and Anbalagan (2006) , Sharma et al. (2008) , Thani and Phalaraksh (2008) , Ohiokhioya et al. (2009) and Das and Gupta (2010) . Most of the closed water bodies in Chittagong university campus are not managed habitats. The aquatic insects are easily available and have much theoretical and practical importance. But, so far, very limited attention has been paid on the aquatic and semi aquatic insect fauna of not only in the University of Chittagong but also in Bangladesh. Therefore, the present paper deals with the study of the aquatic insect fauna of two water bodies, a pond and a lake of Chittagong University campus with an aim to survey and identify the aquatic insect fauna of the two water bodies and to find the abundance and diversity of the aquatic insects.
MATERIAL AND METHODS

Methodology for collection and identification of insects:
Aquatic insects were collected from two water bodies (one pond and one lake) of Chittagong University campus. The geographical positions of the pond is 22 o 29′10″ N, 91 o 47′52″ E and the lake is 22 o 28′96″ N, 91 o 46′51″ E. Collections were made from three sites of each water body and all sites were selected at the edge. Each site was separated by approximately 15-25m distance from the other site. Samplings were done once in each month from October 2009 to September 2010 between 8-9 a.m. The specimens were collected by insect drag net (1mm mesh size, area-625cm 2 from the surface of the marginal zone and between and within the aquatic vegetations. Ten subsequent sweeps were repeatedly made at each station and were individually taken in plastic buckets. Insects were sorted from the detritus and kept in separate labeled plastic containers containing pond water and then taken to the laboratory, whereby, the specimens were sorted and preserved in 70% alcohol in separate labeled glass vials.
The insects were identified on the basis of the external morphology and available keys (Ward and Whipple, 1959; Ross, 1959; Clegg, 1974; Needham and Needham, 1978; Chowdhury and Akhteruzzaman, 1981; Ameen and Nessa, 1985; and Rahman and Hossain, 1988) .
Statistical analysis of abundance and diversity of insect population:
The generic abundance (%) and diversity indices were calculated for each sampling month and for overall samplings for both the water bodies. The following diversity indices of community structures were calculated.
Monthly abundance: To find out the abundance of individuals in each Order, which had been counted from all the samples, abundance was calculated as percentage of an Order, being calculated from the total number of individuals of a monthly sample in both the water bodies.
Shannon-Wiener's Species Diversity index (H′):
The simplest measure of species diversity is to count the number of species. In the present study Shannon-Wiener diversity index (Shannon and Weiner 1949) has been calculated using the following formula: 
RESULTS AND DISCUSSION
The list of the aquatic insects collected during the study period from the pond and the lake is cited in Table 1 . The list includes representatives belonging to six orders, six suborders, 22 families and 32 genera. The orders were: Ephemeroptera, Odonata, Hemiptera, Coleoptera, Trichoptera and Diptera. The collected ephemeropteran, odonate, dipteran and trichopteran insects were nymphs and hemipteran and coleopteran insects were adults.
A total of 4,406 aquatic insects were collected from the two water bodies, where odonate representatives were most abundant. The representatives of the orders Trichoptera and Diptera were in negligible numbers. Four genera (Ephemera sp., Hexagenia sp., Ephemerella sp. and Heptagenia sp.) of the order Ephemeroptera were identified. The genus Ephemera was also recorded by Begum (1995) . The order Odonata was represented by the nymphs of both the sub orders Zygoptera and Anisoptera. Of the total odonate collection, there were five representatives of sub order Zygoptera (Lestes sp., Coenagrion sp., Nehalennia sp., Ischnura sp. and Argia sp.) and six representatives of sub order Anisoptera (Ictinogompus sp., Aeshna sp., Libellula sp., Neurocordulia sp., Pantala sp. and Nannothemis sp.). Ameen et al. (1982) described four species of damselfly larvae from Dhaka city and Chowdhury and Miah (1990) described four zygopteran larvae from Chittagong University campus. Of the recorded zygopteran nymphs Coenagrion sp. were recorded by both Ameen et al. (1982) and Chowdhury and Miah (1990) , whilst Ischnura sp. was recorded only by Ameen et al. (1982) . Chowdhury and Akhteruzzaman (1981) described 13 species of dragonfly larvae and amongst the recorded anisopteran nymphs only Ictinogomphus sp. and Pantala sp. were recorded by Chowdhury and Akhteruzzaman (1981) . Eight genera (Notonecta sp., Buenoa sp., Nepa sp., Ranatra sp., Gerris sp., Hydrometra sp., Plea sp. and Sphaerodema sp.) from the order Hemiptera were identified. Most of the collected species of the order Hemiptera in the present study (Plea sp., Ranatra sp., Gerris sp., Hydrometra sp. and Sphaerodema sp.) were recorded by Ameen and Nessa (1985) and Alam et al. (1986) . The four representatives (Dytiscus sp., Thermonectus sp., Laccodytes sp. and Hydrophilus sp.) belonging to the order Coleoptera were identified. Hydrophilus sp. was also recorded by Islam (1985) , Barua (1988) and Begum (1995) . From the order Diptera only two genera (Culex sp. and Chironomus sp.) were identified. These dipteran larvae were recorded by Biswas (1984) and Begum (1995) . Three larval genera of the order Trichoptera (Leptocella sp., Triaenodes sp. and Brachycentrus sp.) were identified and Leptocella sp. and Triaenodes sp. were also recorded by Hossain (2008) .
Community structure of the aquatic insects:
A sum of 4,406 insects, belonging to 32 genera was collected from the two water bodies out of which 2,858 insects were collected from the pond and 1548 insects from the lake. In the pond, representatives of the order Hemiptera were the most abundant but in the lake, representatives of the order Odonata was the most abundant, comprising 50.77% and 35.98% of the total samples respectively. However, in both the water bodies, representatives of the order Trichoptera were the least dominant comprising 0.66% and 5.17% of the total collection in the pond and the lake respectively. In the pond, the second abundant order was Coleoptera followed by the orders Diptera, Odonata and Ephemeroptera comprising 14.11%, 5.42% and 2.76% of the total collection. In the lake, the second abundant order was Hemiptera (19.13%) followed by Diptera (18.22%), Ephemeroptera (15.44%) and Coleoptera (5.16%). Meanwhile, Odonata with 11 genera and Hemiptera with eight genera were the orders of diversity, followed by orders Ephemeroptera and Coleoptera each with four genera, whilst orders Trichoptera with three genera and Diptera with two genera were less diversified (Tables 2 and 3 ).
Monthly abundance of the aquatic insects: Monthly abundance of the total aquatic insect individuals was the highest in November 2009 and lowest in July 2010 in both the pond and the lake (Tables 2 and 3 ).
In the pond (Table 2) , the abundance of specimens under the order Hemiptera was 43.30% (October'09), 43.39% (November '09), 53.76% (December '09), 56.45% (January'10), 43.64% (February'10), 42.73% (April'10), 49.00% (May'10), 61.55% (June'10), 67.76% (July'10), 71.57% (August'10) and 54.30% (September'10). The order Coleoptera (40.91%) was found to be abundant only during the month of March 2010. The highest number of aquatic insects was found in November 2009 (12.18%), while the lowest in July 2010 (5.32%).
In the lake (Table 3) , the month wise abundance of the order Odonata was 36.42% (October'09), 36.90% (November'09), 38.28% (December'09), 36.28% (January'10), 40.54% (February'10), 44.54% (March'10), 38.06% (April'10), 39.61% (May'10), 30.30% (July'10) and 32.11% (September'10). In lake high abundance of Diptera was found during the months of June'10 (35.67%) and August'10 (27.62 %).
Monthly abundance of the total aquatic insect individuals was the highest in November'09 and lowest in July'10 in the both the water bodies. The higher number of aquatic insects (2858) was collected from the pond, where several types of microhabitats with aquatic vegetations were present. On the other hand, the lesser number was collected from the lake which might be due to the result of human interference such as fish culture and removal of the aquatic plants. Moreover, the transparency of the lake was high which was not suitable for insect's survival.
Monthly fluctuations of Species Diversity (H′), Species Richness (SR), and
Species evenness (J′) of the two water bodies: Species diversity (H′) (Table 4) of the aquatic insects in the two water bodies was found to vary from month to month. In the pond, the highest monthly species diversity value (4.10) was observed in September 2010 and the lowest (3.04) in June, 2010. However, species diversity values fluctuated between 3.43 to 3.97 during rest of the months. In the lake the highest monthly species diversity value (4.70) was observed in December, (Table 4) .
The monthly community dominance (CD) of the aquatic insects:
Monthly variations in the dominance index (δ) of aquatic insects varied from month to month. In the pond, the two most dominating insects were Sphaerodema sp. and Culex sp. in October 2009. The community dominance was 32.18% and in the lake, the most dominating insects were Chironomus sp. and Culex sp. and the community dominance was 23.84%. In November, 2009, in the pond, the most dominating insects were Hydrophilus sp. and Culex sp. and the community dominance was 39.37%. In the lake, the most dominating insects were Chironomus sp. and Culex sp. and the community dominance was 27.81%. In December, 2009, in the pond, the most dominating insects were Sphaerodema sp. and Gerris sp. and the community dominance was 26.52%. In the lake, the most dominating insects were Sphaerodema sp. and Ephemera sp. and the community dominance was 14.18%. In January, 2010, in the pond, the most dominating insects were Notonecta sp. and Gerris sp. and the community dominance was 26.22%. In the lake, the most dominating insects were Sphaerodema sp. and Gerris sp. and the community dominance was 15.69%. In February, March, April, May and June, 2010, in the pond, the most dominating insects were Hydrophilus sp. and Sphaerodema sp. and the community dominance ware 31.82%, 71.84%, 36.75%, 46.22%, and 61.09% respectively. In the lake in February, 2010, the most dominating insects were Neurocordulia sp. and Sphaerodema sp. and the community dominance was 15.22%; in March, 2010, they were Neurocordulia sp. and Chironomus sp. and the community dominance was 15.97; in April, 2010, they were Notonecta sp. and Chironomus sp. and the community dominance was 18.66%; in May, 2010, they were Notonecta sp. and Ephemera sp. and the community dominance was 16.88%; in June, 2010, they were Notonecta sp. and Chironomus sp. and the community dominance was 40.56%. In July, 2010, in the pond, the most dominating insects were Sphaerodema sp. and Laccodytes sp. and the community dominance was 42.10%. In the lake, they were Chironomus sp. and Gerris sp. and the community dominance was 29.29%. In August, 2010, in the pond, the most dominating insects were Sphaerodema sp. and Gerris sp. and the community dominance was 42.65%. In the lake, they were Chironomus sp. and Gerris sp. and the community dominance was 32.38%. In September, 2010, in the pond, the most dominating insects were Sphaerodema sp. and Gerris sp. and the community dominance was 24.44%. In the lake, they were Chironomus sp. and Ephemera sp. and the community dominance was 15.59%.
In the Pond, ranking of the genera on the basis of dominance hierarchy was: Sphaerodema sp.> Hydrophilus sp.> Gerris sp.> Culex sp.> Notonecta sp. = Laccodytes sp. In the lake, ranking of the genera on the basis of dominance hierarchy was: Chironomus sp. > Sphaerodema sp. = Ephemera sp. = Gerris sp. = Notonecta sp.> Neurocordulia sp.= Culex sp.
The average species diversity of the aquatic insects was higher in the lake (4.38) than in the pond (3.65). The average species richness was high (3.81) in the lake and low (3.08) in the pond. Average species evenness value was also higher (0.93) in the lake than in the pond (0.79). The insects were quite similar in the pond and the lake. The highest similarity of the two water bodies was seen in the month of October'09 (90.91%) and lowest similarity was seen in the month of June'10 (73.47%). In the pond the most dominant insects were Sphaerodema sp. and Hydrophilus sp. The main reason of dominance might be the water quality and aquatic habitat of the pond. In the lake Chironomous sp. was the most dominant group of insects. The reason of such dominance might be due to the suitable bottom condition and favorable water quality. The low diversity in the streams, lakes or ponds may be due to reduced detritus input from the surrounding landscape. The detritus from the surrounding is an important source of food for the aquatic insects and also plays a significant role in determining the diversity (Allan 1995) .
This study showed that the lake water habitat was more suitable for diversified insects. As per the mean species richness the lake hold the more aquatic insect species than the pond. The mean species evenness value was also higher in the lake than the pond. However, as per the similarity indices the insects were quite similar in both the water bodies. The study on the fauna of aquatic water body could provide valuable insights into aspects of water body ecosystem functions.
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